Background: The aim of this study was to describe the incidence of inflammatory bowel disease (IBD) and changes in demographic and phenotypic disease presentation in Otago, New Zealand. Methods: This study was conducted at Dunedin Hospital and the study period was 1996-2013. Otago residents diagnosed with IBD were identified retrospectively from hospital lists using ICD-10 codes. Diagnosis, and place and date of diagnosis, were confirmed using medical notes and histology reports. Demographic, clinical and diagnostic data were recorded. Age-standardised incidence rates were estimated and trends over time assessed. Multinomial logistic regression was used to assess evidence for any changes in the distribution of disease location for Crohn's disease (CD) cases. Results: The diagnosis of IBD was confirmed in 224 males and 218 females, and most were New Zealand European. Of the total number of confirmed IBD cases, 40.0% were ulcerative colitis (UC), 52.1% were CD and 7.9% were IBD unclassified. The age distribution illustrated bimodal peaks at 20-24 years and 65-69 years. Incidence rates varied from year to year, but there was no statistically significant change over the 18-year study period. The estimated age-standardised IBD incidence varied between 5.8/100,000 in 2006 and 29.8/100,000 in 2012. The incidence rates for UC and CD were 2.8/100,000 and 1.8/100,000, respectively, in 2006 and 6.3/100,000 and 21.8/100,000, respectively, in 2012. There were no significant phenotypic changes in CD patients over the study period. Conclusions: The IBD incidence in Otago, New Zealand, is high compared to many other countries. Annual age-standardised incidence rates vary, highlighting the limitations of single-year incidence data.
Introduction
Inflammatory bowel disease (IBD) encompasses a group of chronic inflammatory conditions of the gastrointestinal tract, including Crohn's disease (CD), ulcerative colitis (UC) and IBD unclassified (IBDU) [1] . Specific causes of IBD are unknown; however, much evidence suggests a synergistic relationship between genetics, the external environment and the internal environment, e.g., the gut microbiota [2] [3] [4] [5] [6] [7] . IBD affects both males and females at similar rates, and the incidence peaks in young adults [8, 9] . A diagnosis of IBD necessitates lifelong treatment and monitoring, impacting heavily on patients' quality of life and the health system.
The incidence and prevalence of IBD is increasing worldwide [10] . Western societies of Celtic heritage have the highest reported prevalence, and rates are higher with increasing distance from the equator leading to a northsouth [11, 12] and east-west gradient [13] . Most Asian countries have a low incidence, but there has been a recent rapid increase in rates [14] . In contrast, IBD rates are reported to be decreasing or at least plateauing in regions with previously high incidence rates [15] [16] [17] .
The incidence of IBD in New Zealand is relatively high, although few studies have been published. Eason et al. [15] reported the mean annual incidence rates of CD and UC in Auckland were 1.75/100,000 and 5.4/100,000, respectively, in the 10-year period of 1969-1978. More recently, two separate studies conducted in the Canterbury region reported the WHO age-standardised IBD incidence rate was 25.2/100,000 in 2004 [16] , increasing approximately 1.6-fold to 39.5/100,000 in 2014 [17] . The reasons for the increase remain elusive [16, 17] .
As the epidemiology of IBD is changing, the description of IBD incidence over time remains important [8, 14, 18] . This study sought to investigate whether the IBD incidence in the Otago region of New Zealand had changed between 1996 and 2013, and to assess whether the phenotypic presentation of IBD had changed over this 18-year period.
Methods

Study Design
This study was conducted at Dunedin Hospital, the only secondary/tertiary referral centre and the only main regional hospital for the Otago region, New Zealand. The resident population in the Otago area increased from 176,295 in 1996 to 184,893 in 2013 [19] . In 2013, most Otago residents self-identified as European (89.1%), with fewer Maori (7.5%), Asian (5.2%), Pacific Island (2.0%) or other ethnicities (2.2%) [19] (selecting more than one ethnicity is possible in the New Zealand census). Throughout New Zealand, most health care is provided by the public sector. In Dunedin, gastroenterology services can be accessed in the public or, to a limited degree, in the private sector. IBD cases needing hospital admission or interventions are usually referred to Dunedin Hospital. This study included patients who accessed the public sector.
Case Ascertainment
A case was defined as a patient with an IBD diagnosis according to accepted criteria (including colonoscopy, histology and clinical presentation) who resided within the Otago District Health Board area at the time of diagnosis. Diagnoses had to be upheld after follow-up for the case to be included. A list of potential cases of IBD for the years 1996-2013 was compiled using the following strategies: 1. Hospital event data (which included day cases for procedures like colonoscopies, and inpatient care For each suspected case, colonoscopy and histology reports and gastroenterology clinical notes were reviewed to confirm a diagnosis of IBD, the year of diagnosis and the address at the time of diagnosis. All cases seemingly diagnosed by barium enema, small bowel meal or other radiological investigation only were excluded.
For each confirmed case, demographic (date of birth, gender and ethnicity) and relevant clinical data were extracted from the medical records and entered into an Excel spreadsheet. Phenotyping data for UC and CD were extracted from the colonoscopy and histology reports used to make a diagnosis of IBD, as well as from radiological staging examinations. The phenotypic presentation was classified as CD or UC using the Montreal classification [21] .
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Statistical Methods
The list of confirmed IBD cases was analysed together, then grouped by CD, UC and IBDU. The list for each diagnosis was then grouped by the year of diagnosis and by 5-year age groups. Census data for the Otago District Health Board area were obtained for the years 1996, 2001, 2006 and 2013 (the 2011 census was delayed because of the Christchurch earthquake) [19] . Linear interpolation was used to estimate the population by 5-year age groups for the years between census years.
Annual 5-year age-specific incidence rates for each of the four diagnostic groups were calculated. Annual age-standardised incidence rates were calculated using the World Health Organisation (WHO) standard population. Linear regression models were used to explore any changes in age-standardised rates, with DurbinWatson tests used to identify evidence for autocorrelation. Linear regression models -with Newey-West standard errors, where there was evidence of autocorrelation -were used to examine changes in the age-standardised rates for each diagnostic group using "year" as a continuous variable to identify linear trends.
CD, UC and IBDU were examined in a single model to determine whether there was any evidence that their rates were changing differently over the study period through a year-type interaction, as well as estimating type-specific rates of change. Total IBD was examined in a separate model. Multinomial logistic regression was used to assess evidence for any changes in the distribution of location for CD cases (ileal, colonic, ileocolonic or upper gastrointestinal).
All statistical modelling was performed using Stata 13.1, and a two-sided p < 0.05 was considered statistically significant in all cases.
Results
Case Ascertainment
Of 1,089 IBD-coded cases, 453 (41.6%) new cases of IBD were confirmed among Otago residents for the period 1996-2013 ( Fig. 1 ). Cases were excluded if there was evidence of a diagnosis prior to 1996, if the diagnosis had been made prior to residence in Otago or if there was insufficient evidence to meet the case definition. Case Description Of the 453 confirmed IBD cases, 52.1% were CD, 40.0% were UC and 7.9% were IBDU. Slightly fewer males (46%) than females had CD, while the opposite was observed for UC (57% males). Almost all cases (97.1%) were recorded as being New Zealand European (Table 1) .
IBD Incidence
The annual age-standardised IBD incidence varied during the 18-year period, with the lowest incidence (5.8/100,000) in 2006 and the peak incidence (29.8/100,000) in 2012. The mean annual age-standardised incidence across the study period was 7.6/100,000 for CD, 5.4/100,000 for UC and 1.1/100,000 for IBDU (Fig. 2) . Overall there were no statistically significant changes in incidence for CD (p = 0.110), UC (p = 0.646), IBDU (p = 0.323) or total IBD (p = 0.106) between 1996 and 2013. There were large annual fluctuations in IBD incidence over the 18 years, with a standard deviation of 3.7/100,000 per year.
The age distribution of IBD cases was similar between the sexes. CD or UC among both sexes was most commonly diagnosed between 20 and 24 years, with 16% of all patients aged 20-24 years at diagnosis (Fig. 3) . About half (52.4%) of all patients were aged 15-39 years at diagnosis. A second peak in UC incidence was observed in the 60-to 69-year age group, with a smaller second peak for CD in the 70-to 74-year age group (Fig. 3c, d) .
Overall, almost half (43.5%) of the CD patients had ileocolonic disease, with about one-third (31.5%) having colonic disease and about one-quarter ileal disease (23.6%). A small proportion (14.4%) had perianal involvement, and the number of patients with perianal involvement in any one year varied from none in 1998, 2011 and 2013 to 5 in 2012. The proportion of CD patients diagnosed with L1, L2 and L3 disease did not change significantly over the 18-year study period (p = 0.257). 
Discussion
This study describes for the first time the annual IBD incidence and changes in phenotypic presentation in the Otago region, New Zealand, over an 18-year time period. Overall, we observed an upward trend in IBD incidence, as well as in CD and UC, between 1996 and 2013, but this was not statistically significant. The most notable finding was the overall variation in incidence over the 18-year study period. The highest incidence of IBD was in 2012, peaking at 29.8 cases per 100,000, while a low rate was observed in 2006 (5.8/100,000). These observations may be explained by incomplete case finding, misclassification of the year of diagnosis, possible deficiencies in hospital medical record coding practise or variation in the number of tertiary students moving to the Otago region for university study whose disease onset occurred during their university years. Another possibility is that people previously resident in Christchurch at the time of the 2011 earthquake may have relocated to Dunedin. As this was a stressful event and stress can trigger IBD [22] , this may in part explain the high number of cases in 2012. Although these annual fluctuations in incidence are not readily explained, they do highlight the importance of looking at incidence rates over time rather than drawing conclusions from a snapshot in time, and it questions the validity of using routine hospital data to monitor relatively uncommon diseases, at least at a regional level. Additional databases such as those recording pharmaceuticals may have increased our case detection, as has been observed elsewhere [23] .
Worldwide, overall rates of IBD continue to increase, although there is variation in incidence rates within and between countries. In recent years, different studies from around the world have reported annual IBD incidence rates were increasing, plateauing or even decreasing [14, 17, 24] . While Asia-based population studies continue to show increasing IBD incidence rates, two recent Eastern Canadian studies found statistically significant reductions in IBD incidence among populations with previously high rates [11, 13, 14, 25, 26] , whereas two separate Danish studies, conducted during a time period similar to that of our study, both observed increases in CD incidence and UC incidence in both men and women [27, 28] . Our study was relatively small, but the overall upward trend in IBD incidence, while not statistically significant, suggests that the IBD incidence in the Otago region of New Zealand is probably increasing. The IBD incidence rates for the Otago region appear relatively low compared with those reported in the recent New Zealand studies in the neighbouring Canterbury region [16, 17] . In 2004, Gearry et al. [16] found that the agestandardised CD and UC incidence rates in the Canterbury region were 16.3 and 7.5 per 100,000, respectively. For the same year, the CD and UC incidence rates in Otago were considerably lower, at 5.1 and 3.9 per 100,000. In 2014, the CD and UC incidence rates in Canterbury had increased to 26.4 and 12.6 per 100,000, respectively [17] , which was higher than the peak rates reported in 2012 in our study. This marked difference in incidence rates between two neighbouring regions with similar population characteristics, and an apparently comparable environment, is surprising but might be explained by the relatively small numbers and the year-to-year variation in annual IBD incidence rates that our 18-year study demonstrated. Another possible explanation is that we did not identify all cases during the study period. Further, it is possible that not all true cases were accurately coded by the hospital medical records, as has been described for other conditions [29] . Despite these apparent differences, the Otago and Canterbury studies show that New Zealand has IBD incidence rates at or above the 60th percentile of studies from around the world, with the CD incidence higher than that of UC and ranking in the 80th to 100th quintile [8] .
The IBD rates were similar for males and females in our study, and the age distributions for both CD and UC were consistent with international observations [8] . We found a low IBD incidence among Maori, the indigenous population of New Zealand, which is consistent with other New Zealand studies [16, 30] . Although Maori account for approximately 7% of the Otago population [19] , only 1.7% of the IBD cases over the past 18 years identified with this ethnic group. We identified only 1 case of IBD in a resident of Asian heritage, suggesting a low incidence of IBD amongst Asian people, which is consistent with a low reported incidence of about 1 case per 100,000 in Asian countries [5] .
We observed that almost half (43.5%) of the patients with CD had ileocolonic disease. This proportion is similar to the approximately 45% reported in studies from Asia, Australia and New Zealand, but almost twice as much as that reported from European countries (25%) [10, 12] . We also observed that disease presentation at diagnosis did not change significantly over the study period, which has been reported elsewhere [31] . However, an increase in the proportion of cases with L3 disease location over time was reported between 2007/2008 and 2010/2011 in the same area of neighbouring Australia, but the number of cases with complete disease location data was relatively small [24] . Nevertheless, this observation may be real, and although there is no clear explanation for this increase, investigation of the length of the small intestine has proven problematic and spurred the rapid evolution and introduction of methods for visualising the small intestine with minimal invasion. The introduction of magnetic resonance enterography [32] , computed tomographic enteroclysis [33] and/or wireless capsule endoscopy [34, 35] , for example, as part of common practise might, in part, be accountable for this finding.
Age and disease phenotype at diagnosis in Otago were compared with observations from other geographical regions [10, 12] . Our observations in Otago were similar to recent reports from the neighbouring Canterbury region [17] . The age at diagnosis was similar in European and Asian countries, and the location of inflammation in UC patients was similar in the Asian and New Zealand studies [10, 12] . In Europe, 41-46% of UC cases were left-sided, compared with 15% in our Otago study [10] . For CD, 60-70% of cases were classified as B1 in New Zealand, Europe and Asia, which is lower than the 88% reported from Australia [10, 12] . Among CD cases in Otago, 28.7% involved a stricturing phenotype, which was higher than the rates reported in Western and Eastern European (slightly less than 20%), Australasian (10%) and Asian (17%) studies [10, 12] .
As we used a strict case definition, it is highly unlikely that we overestimated the IBD incidence rates in Otago. Underestimation is more likely, as we excluded cases of IBD which appeared to be diagnosed using barium enemas or via other radiological means only; our case definition required a histological and/or endoscopic verification of the diagnosis. It is possible that a small number of cases who had a colonoscopy at a small rural hospital in the Otago region and were not admitted to Dunedin Hospital DOI: 10.1159/000492615 or seen at the Dunedin Hospital Gastroenterology Department at any stage would not have been identified, thereby further contributing to an underestimate of incidence rates. Although we did not capture private practice cases, private practice is small in Otago and the number of such cases is likely to be negligible. Finally, some clinical phenotype data were missing from the medical records.
Conclusions
In conclusion, the IBD incidence rates in the Otago region, New Zealand, are amongst the highest in the world, but lower than the rates reported for the neighbouring northern Canterbury region in 2004 and 2014. Although examining the annual incidence over almost two decades provided a more comprehensive description, our strict case definitions and possible hospital medical record coding errors may have led to an underestimation of the true IBD incidence rates.
